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Abstract. In this research study, material characterization of dissimilar friction stir spot welded 
Aluminium and Copper was evaluated. Rotational speeds of 800 rpm and transverse speeds of 
50 mm/min, 150 mm/min and 250 mm/min were used. The total numbers of samples evaluated 
were nine altogether. The spot welds were characterised by microstructure characterization 
using optical microscope (OEM) and scanning electron microscopy technique (SEM) by 
observing the evolution of the microstructure across the weld’s cross-section. lap-shear test of 
the of the spot weld specimens were also done. From the results, it shows that welding of 
metals and alloys using Friction stir spot welding is appropriate and can be use in industrial 
applications. 
Introduction 
Friction stir spot welding (FSSW) is one of the techniques that of the techniques that are useful in the 
automotive and aircraft industries because there is keen interest in joining lightweight metals due to 
the increasing implementation of low weight designs [1]. In this welding technique, a spinning fixed 
tool like that used in linear friction stir welding (FSW) is plunged and retracted through the upper and 
lower sheets of the lap joint to locally plasticize the metal and stir the sheets together [2, 3]. During the 
plunge stage, the workpieces that are in contact with the rotating tool are heated and softened [4,5]. 
Once the welding process is concluded, the tool is removed leaving behind a hole created by the 
rotating pin, conventional FSSW leaves a keyhole indentation after the rotating tool has been 
withdrawn [4]. The benefits that come with the use of FSSW include joining materials that are 
dissimilar, low heat input required to generate the weld, no emission of toxic gases or environmental 
waste, great bonding with fine microstructure, etc. and the potential utilisation of FSSW to 
manufacture products is exceptionally significant and the advantages of replacing traditional joining 
methods are substantial [6,7]. Fusion of dissimilar metals is often encountered in many industrial 
platforms including shipbuilding industries, automotive, aerospace and electronics industries [6]. 
Conventional fusion welding techniques are often not appropriate due to the substantial variations in 
the physical and chemical properties of the dissimilar materials that require being joined. Undesirable 
outcomes such as solidification cracking, porosity formation and chemical reactions may occur during 
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fusion welding of dissimilar materials although relatively good welds may be achieved in some cases 
with attention to the joint design and preparation, process parameters and filler materials [8]. 
Dissimilar welding between Copper and Aluminium has received much interest lately mainly due to 
the potential application in the power generation industries and electronic components by seizing 
advantage of the lightweight and low-cost of Aluminium alloys and the excellent thermal and electric 
conductivity of Copper [5,6]. The creation of Al-Cu dissimilar joints using traditional welding 
techniques such as fusion welding process is considerably problematic due to the incompatibility of 
the two metals. [9,10]. in this research work, Friction stir spot welds of Aluminium and Copper will be 
produced. The welds will be characterised through the microstructure, and shear test. The evolving 
microstructure will be correlated to the process parameters employed. It is expected that an optimum 
process parameter which produced the weld joint with the best joint integrity will be ascertained. 
 
Experimental material and procedures 
Aluminum and copper sheets were used for this research work. The friction stir welding machine 
used is Intelligent Stir Welding for Industry and Research (I-STIR) Process Development System 
(PDS) of Nelson Mandela Metropolitan University of Technology, South Africa. The friction stir 
spot welding tool specifications are Flat shoulder- pin profile; Pin diameter of 5 mm; Pin length of 
4.5mm and Shoulder diameter 18mm are used. Figure 1 shows the schematic of Friction Stir Spot 
Welding. The welding tool is made from H3 steel hardened to 50-52 HRC. Table 1 shown below 
summarizes the welding parameters (rotational speed and transverse speed). The chemical 
composition of the aluminium and copper sheets are stated in table 2 and 3 respectively. The 
experiments that were carried out include lap-shear tests and microstructural examination, using 
optical electron microscopy (OEM) and scanning electron microscopy (SEM). 
 
Table 1. A table displaying the experimental matrix. 
Weld No Rotational speed (Rpm) Tranverse feed rate 
(mm/Min) 
1 800 50 
2 800 150 
3 800 250 
 
 
Figure 1: Schematic of Friction Stir Spot Welding 
 
 
 
 
 
 
Table 2: Chemical composition of aluminium alloy used 
Al Si Fe Cu Mg Zn Mn Ti 
Balance 0.25 0.04 0.05 0.05 0.07 0.05 0.05 
Table 3: Chemical composition of copper alloy used 
 
Cu Si Fe Al Mg Zn Pb Ni 
Balance 0.007 0.009 0.027 0.05 0.025 0.017 0.009 
 
3 Experimental results and discussions  
3.1 Visual observation  
Friction stir spot welding (FSSW) was carried out using the process parameters shown in table 1. 
Figure 2 shows Friction stir spot lap welds of copper and aluminium produced. 
 
 
Figure 2. Friction stir spot lap welds of copper and aluminium, 
 
Figure 3 :  Typical configuration of the mounted samples 
3.2 Microstructural characterization  
Microstructural characterization is presented in this section. Figure 3 shows the configuration of the 
mounted samples. 1, 2 and 3 with rotational speed of 800 rpm and feed rate of 50,150 and 250 
mm/min respectively. The microstructures that were observed were characterized accordingly. Figure 
4 shows an image plates sheet wielded at rotational speed of 800 rpm and feed rate of 50 mm/min. The 
TMAZ (shown by an orange line) has significantly smaller grains. This region experienced mechanical 
deformation and experience a heat cycle during the welding process. The grains are equiaxed. Figure 5 
shows the image of plates sheet wielded at rotational speed of 800 rpm and feed rate of 150 mm/min, 
this image was captured at a location close to the weld centre, there are also 3 distinct weld zones that 
can be identified in this image. Equiaxed grains and highly deformed can be observed in the TMAZ. 
also, the Stir Zone has tiny and fine grains that indicate that the original grains (the ones present before 
welding happened) have fully recrystallized. The HAZ has much larger grains compared to the ones 
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seen in the Stir Zone and TMAZ. It is clear that as the distance from the weld centre increases, there is 
an evolution in the grain structure. figure 6 shows the image of plates sheet wielded at rotational speed 
of 800 rpm and feed rate of 250 mm/min, The Stir Zone, TMAZ and the HAZ can be observed here as 
well. The grains in the HAZ are randomly organised but they are smaller. The TMAZ has rectangular 
like grains. This indicates that the region has undergone mechanical deformation during the welding 
process. The grains in the Stir Zone are fully recrystallized. This can be said because they are very fine 
and very small in size. 
 
Figure 4 : Microstructure of plates sheet wielded at rotational speed of 800 rpm and feed rate of 50 
mm/min 
 
Figure 5: Microstructure of plates sheet wielded at rotational speed of 800 rpm and feed rate of 150 
mm/min 
 
Figure 6 : Microstructure of plates sheet wielded at rotational speed of 800 rpm and  feed rate of  250 
mm/min 
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3.3 Hook region  
Figure 7 shows the hook region for of plates sheet wielded at rotational speed of 800 rpm and feed rate 
of 50 mm/min. There is clear indication of copper particles within the aluminum. This region is known 
to be the region where intermetallic compounds form. Aluminum is softer than copper, hence it is 
highly likely that copper particles got injected into the aluminum during the welding process when the 
aluminum was through a thermal cycle and was softer which made it possible for copper particles to 
get diffused into the aluminum as the stirring stage of the welding processes was happening.  Figure 8 
shows the hook region of plates sheet wielded at rotational speed of 800 rpm and feed rate of 150 
mm/min. There is evidence that copper material has been deposited into the aluminum just as seen in 
the hook region in Figure 7. Figure 9 shows, again, the microstructure of plates sheet wielded at feed 
rate of 250 mm/min. This image was taken at 2 mm away from the hook region seen in Figure 9 there 
is still evidence of copper particles diffused into the aluminum. This indicates that copper particles can 
still be injected into the aluminum even at reasonable distances away from the hook zone 
 
Figure 7 : Microstructure of plates sheet wielded at rotational speed of 800 rpm and  feed rate of 50 
mm/min showing the hook region 
 
Figure 8: Microstructure of plates sheet wielded at rotational speed of 800 rpm and feed rate of 150 
mm/min showing the hook region 
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Figure 9 : Microstructure of plates sheet wielded at rotational speed of 800 rpm and  feed rate of 250 
mm/min showing the hook region 
3.4 Lap- shear tests 
Figures 10 – 12 shows the results of Lap-shear tests on FSSW lap weld specimens done. All the 
specimens failed in a shearing fashion except for plates sheet wielded at rotational speed of 800 
rpm and feed rate of 250 mm/min which exhibited a ductile failure. The average ultimate tensile 
strength for plates sheet wielded at rotational speed of 800 rpm and feed rate of 50 mm/min is 
16.74 MPa and withstanding an average maximum load of 2.86kN. Specimens for plates sheet 
wielded at rotational speed of 800 rpm and feed rate of 150 mm/min have average ultimate tensile 
strength and average maximum load of 26.48 MPa and 4.55kN respectively.  for plates sheet 
wielded at rotational speed of 800 rpm and feed rate of 250 mm/min, Its UTS is 21.35 MPa and its 
maximum load before fracturing is 3.67kN. This points towards the fact that the failure was to the 
failure of the weld and not the failure of any of the parent materials. 
 
Figure 10: Stress vs. strain graph for plates sheet wielded at rotational speed of 800 rpm and feed rate 
of 50 mm/min 
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 Figure 11. Stress vs. strain graph for plates sheet wielded at rotational speed of 800 rpm and feed rate 
of 150 mm/min 
 
Figure 12. Stress vs. strain graph for plates sheet wielded at rotational speed of 800 rpm and feed rate 
of 250 mm/min 
4 Conclusions  
 The evolving microstructure of copper at the FSSW of dissimilar Al-Cu was characterised and 
it was found that the microstructure changes according to the location of the on the copper 
relative to the weld centre 
 Lap-shear tests revealed that the stress-strain relationship of FSSW of copper and aluminium 
can be linear. 
 It was found that the failure mode of the FSSW lap joints of Al and Cu is mostly by shearing 
except in some cases where the plate one of the material would fail before the weld. 
 Changing the feed rate from 50mm/min to 250mm/min does not have a significant effect on 
the weld integrity.  
 welding of metals and alloys using Friction stir spot welding is appropriate and can be use in 
industrial applications 
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